Abstract-Graphene oxide (GO) has been synthesized using Hummer's method. This oxidation process decorates the graphene sheets by different types of functional groups, yet the harsh oxidation condition leads to introduce many of carbonaceous fragments, which decreasing GO efficiency in many faces, touched its applications. The synthesized GO has been washed by 10 M NaOH to produce (GO n ). There after quality enhancement of GO has been studied by several analyses; the introduced hydroxyl and car boxyl groups into few layer graphene (FLG) surface have been determined by Fourier transform infrared spectra (FTIR). Raman spectroscopy analysis identified the defect degree and the transition of graphite from a crystalline to an amorphous structure and vice versa. The interlayer spacings of FLG and GO n were investigated by X ray diffraction (XRD) and the thermal stability of as received and modified materials were examined by thermal gravimetric analysis (TGA). The morphological structure was characterized by scanning electron microscopy (SEM) and high resolution transmission electron microscopy (HRTEM). The various investigations confirmed that the properties of GO were improved by neutralization impact, which may pave the way to new developments in the GO based applications.
INTRODUCTION
Graphene, one of the allotropes of elemental carbon (carbon, carbon nanotube, fullerene, diamond) [1, 2] , is a planer monolayer carbon atoms arranged in two dimensional (2D) honeycomb lattice with a CarbonCarbon bond length of 0.142 nm [3] . It can be divided into three different types: single layer graphene (SLG), bi layer graphene (BLG) and few layer graphene (FLG) [4] . Graphene has received a worldwide attention due to its exceptional charge transport, thermal, optical and mechanical properties; it can be synthesized by several methods as micromechanical cleavage, chemical vapor deposition (CVD), and reduction of graphite oxide to graphene. The functionalization of graphene improves its dispersibility and enhances its functions in various applications [5] . Graphene oxide (GO) can be obtained by liquid phase oxidation of graphene sheets. Chemically, both graphite oxide and GO have similar or identical structures, both possess stacked structures with chemicals on their basal planes and at their edges [1] . The only difference between them is the number of stacked layers; GO possess a monolayer or just a few stacked layers (≤10), while graphite oxide (> 10) [1, 6] .
In general, the liquid phase oxidation of graphene was developed several decades ago by Brodie [7] , Staudenmaier [9] and Hummers et al. [10] . The Hummers method is generally more used in current research, it has shorter reaction time and absence of highly toxic gas ClO 2 [11] . The disadvantage of the Hummers method is the contamination by excess permanganate ions, which should be removed by treatment with H 2 O 2 [12] , followed by washing several times through a membrane.
The Hummers method uses a combination of potassium permanganate and sulfuric acid to obtain (man ganese heptoxide) as (according to equations) below.
1 The text was submitted by the authors in English.
GO is heavily oxygenated, highly hydrophilic, and readily exfoliated in water producing stable dispersion consisting mostly of a single layer of GO [5] . The distribution of oxygen containing functional groups on graphene oxide structures have been studied using 13 C NMR [13, 14] . Lerf [5, 17] . The oxidation process can cut the graphitic layers into smaller fragments called 'oxidation fragments' [18] . These fragments are not removed from the sample in conventional treat ments; however, they can be successfully removed by an aqueous base washing [19] .
In this article, we oxidized FLG powders to GO using modified Hummer's method as well as removing the oxidized fragments and contaminating metal by highly concentrated base washing to produce GO n . The mor phological structure of GO was studied using scanning electron microscopy (SEM) and high resolution trans mission electron microscopy (HRTEM). The order of crystallinity was measured by X ray diffraction (XRD). The defects on the surface of GO were detected by Raman spectroscopy. The thermal stability was determined by thermal gravimetric analysis (TGA). The efficient of the oxidation process was observed by Fourier trans form infrared spectra (FTIR).
EXPERIMENTAL

Materials
Rods of graphene, provided by VEB Elektrokohle Lichtenberg, REKIPRO (Germany), were crushed in 20-25 μm using Retsch ball mill PM400 (Germany), sulfuric acid (98%), hydrochloric acid (37%) and potas sium permanganate were purchased from Sigma Aldrich Co. (Germany). Hydrogen peroxide (30% v/v) and sodium nitrate were purchased from (El Nasr Company for Intermediate Chemicals, Egypt).
Synthesis of Graphene Oxide and NaOH Wash
Graphene oxide was synthesized from the natural graphite powders using Hummer's et al. method [10] : 1 g of FLG, 1 g of NaNO 3 and 46 ml of concentrated H 2 SO 4 were mixed together in three necked flask equipped with a magnetic stirrer and thermometer in an ice bath for about 30 min at 0°C. Then 3 g of KMnO 4 was added to the suspension carefully to prevent the temperature exceed 20°C. The ice bath was removed and the tem perature of the suspension raised to about 35 ± 3°C, where it was mentioned under stirring for 30 minutes to become pasty brownish gray in color. The thickened paste was stirred slowly with 46 ml of de ionized water and the temperature increased to 98°C, the color of the suspension changed to brown, it was kept stirring for 30 minutes. Finally, it was further diluted with approximately 140 ml of warm water and treated with 10 ml of H 2 O 2 . The acidic suspension was neutralized by 82 ml of 10 M NaOH. The suspension was filtered, resulting yellowish brown filter cake which washed with de ionized water for several times. Then the filter cake was treated with 3% HCl (1M) solution to regenerate the functional groups [20] , it was dispersed and washed with deionized water for several times. The resulting sample was dried by lyophilization using (vacuum desiccator) to avoid the aggregation of graphene oxide during the drying process [21, 22] .
Instruments
X ray diffraction (XRD) analysis was performed on an X ray diffractometer from PANlytical company model (X'Pert Pro) 2 range from 5°-90° conditions 40 mA, 40 kV, and wave length of Copper Kα 1 at 1.54 Å. The (FTIR) Fourier transform infrared spectrum (400-4000 cm -1 ) was measured the addition of carboxyl and hydroxyl groups on the graphene surface using (Thermo Fisher Scientific; Nicolet iS10 FTIR spectrom eter, USA), the sample was mixed with pure KBr as the background, then the mixture was dried and com pacted into a transparent tablet for measurement. The Raman analysis was investigated by laser as an excita tion source at wavelength 532 nm, using dispersive Raman spectrosmeter (Senterra, Bruker, Germany), the laser spot size was 1 μm and the temperature of the sample was maintained at room temperature. The thermal stability was assessed by the thermal gravimetric analysis (TGA) (SDT Q600 V20.5 Build 15) in the tempera ture range of 20-850°C (10°C /min) under a nitrogen atmosphere. The shape and the surface morphology of the samples was analyzed using high resolution transmission electron microscope (HRTEM), of JEOL JEM 2100F, Japan, at 200 kV. The samples were sonicated to dispersing the aggregation of the graphene sheet, car ried out on ultrasonic bath (Sonic Star, 50 kHz, 300 W). A Waterproof CyberScan Series 310 pH meter was used for measuring pH during the experiment.
RESULTS AND DISCUSSION
FTIR Characterization
FTIR spectra of FLG and GO n samples are shown in Fig. 1. In Fig. 1 (curve 1) , the appearance of two strong peaks at 1601 cm -1 referred to conjugation system (C=C-C) stretching [23] . In Fig. 1 (curve 2) , the peak at 1054 cm -1 referred to aliphatic stretching of (C-O), the peak at 1161 cm -1 referred to stretching ether system (C-O-C), the peak at 1601 cm -1 referred to stretching conjugation system (C=C-C), the peak at 1725 cm -1 referred to carbonyl group (C=O), the peak at 2918 cm -1 referred to bending and stretching of methylene group (-CH 2 -) and broad band at 3340 cm -1 are attributed to vibration of a hydroxyl group (O-H) [2, 24] . The FTIR observed that the oxidation process was successfully occurred, a new groups as hydroxyl, carboxyl and epoxy have been introduced into the graphene layers.
XRD Analysis
The XRD analysis was used to characterize the crystallinity and purity of the oxidized FLG (GO) after high concentration base washing. The XRD patterns of the pristine FLG and GO n are shown in Fig. 2 . Their inter layer spacing (d), 2θ diffraction and the relative intensity have been illustrated in Table 1 . The XRD pattern of graphitic substrate shows peak at 2θ = 26.53° (002) corresponding to an interlayer spacing (d) = 3.33 Å. The FLG appeared broad peaks at 2θ = 25.53° (002) and 45.89° (100) which are attributed to graphene sheet material corresponding, (d) = 3.48 Å and 1.83 Å respectively [2, 25] . After oxidation using 3 g KMnO 4 results in the following changes, the peak of graphene sheets becomes narrow and shifted in the lower diffraction angle at 2θ = 22.56° corresponding to (d) = 3.94 Å, meaning that the interlayer distance increases and the structure was modified. The XRD pattern shows the feature peak at a lower diffraction angle 2θ = 10.85° cor responding to (d) = 8.15 Å, confirmed oxidation of FLG to GO. After washing with high concentration NaOH the XRD pattern shows a new peaks were appeared, attributed to the structural deformation, which occurred by the decomposition of epoxy groups to hydroxyl groups and -ONa [26] .
Raman Analysis
Raman spectroscopy is a standard nondestructive tool to characterize carbonaceous materials, especially to distinct ordered and disordered crystallinity of the structures of carbon. From Fig. 3 we can show that, the main features of the graphite materials are G band at about 1575 cm -1 , D band at about 1345 cm -1 . The G band represents a first order scattering of E 2g mode, while the D band is the evidence for the presence of defects in the graphite material [26, 27] . The last important band is the overtone band of the D band (2D band) which appears at 2705 cm -1 [28] . The stacking order of the graphite layers along the c axis were assessed by the 2D band, where the intensity of 2D band displays for SLG, BLG and FLG as descending order [29, 30] . 
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The oxidation process has changed the structure of the graphene lattice due to introducing of different functional groups at the basal plane and also at the edges. The G band of GO n is shifted towards a higher wave number at about 1600 cm -1 related to the formation of sp 3 carbon atoms in the graphene lattice [31] . The intensity of D band of GO n is lower than pristine FLG, due to the high concentration base washing lead to eliminating the amorphous carbon. The relative intensity I (D) /I (G) is very useful to detect efficiency of oxida tion and purification processes. We can observe that I (D) /I (G) of FLG and GO n are 0.82 and 0.62, respectively, the relative intensity is decreased due to removal of amorphous carbon and other impurities using high con centration NaOH that leads to diminishing the D band value. A careful inspection of Raman spectra observed that, the overtone 2D band disappeared in GO n due to the breakage of the stacking order along the c axis dur ing the oxidation process [17] . Figure 4 shows the SEM images of FLG and GO n . It can be seen that the appearance of the surface is more flat and straight due to the layers of graphene were arranged in order due to the strong layer-layer interaction (Van der Waals force) and the sample is looking black [2] , as these appear in images (see Figs. 4a and 4b) of the original FLG. On the other hand, from Figs. 4c and 4d we can show that, the surface and edge of GO n were rough and wrinkled. This indicates that the regular lamellar structure of FLG has been distributed after the oxidation process; the wrinkle was caused because the distribution of hydrogen bonds is non uniform, which formed between hydroxy groups. The oxidation process has been transformed the arranged layer structure to a worm like structure with many apertures by widening and exfoliation along the c axis of a graphite crystal. The morphological structure and the crystalline kind of FLG and GO n were characterized by HRTEM. Figure 5 shows that the samples consist of layers with different transparences, it may be attributed to the num ber of layers existed in the aggregated structure [17] . From Fig. 5a it can be observed that the bulk morphology of FLG compressed of many graphite layers and it is completely dark. On the contrary, the image of GO n (see Fig. 5b ) becomes highly transparent due to possessing high amounts of oxygenated content after oxidation process, which makes suitable for exfoliation of graphite layers into a monolayer or just a few layers of GO after ultrasonication. Also, after oxidation a reduction in the dimensions of graphitic sheets has been observed.
The Morphology and Crystallinity Analysis
TGA Analysis
The thermal behaviors of pristine FLG, GO and GO n were examined by thermal gravimetric analysis (TGA) in dry air, to find the efficient graphitic matter oxidation and possible structural damage. The TGA curves and data are shown in Fig. 6 and Table 2 . The pristine FLG has started to lose weight at 46.6°C (7.6%) related to the physical adsorbed moisture, the sharpness weight loss at 650°C due to the combustion of the car bon backbone to carbon dioxide [26] . The GO powder exhibit three steps of weight loss that start at 58.4°C (17%) related to the physical adsorbed moisture, the second and the last weight loss at 258°C (40%) and 590°C (64%), which are ascribed to the removal of oxygenated functional groups and carbon combustion to CO 2 , respectively. The GO n powder after high concentration base washing exhibit three steps of weight loss starting at 71.1°C (11.3%) related to the physical adsorbed moisture, the second and the last weight loss at 266°C (32.2%) and 74°C (57.8%) which are attributed to the removal of oxygenated functional groups and carbon combustion to CO 2 , respectively. The results observed that the thermal stability of GO and GO n are IMPROVEMENT OF GRAPHENE OXIDE 333 less than that of FLG attributed to the oxidation process. Otherwise, the thermal stability of GO n is more sta ble than GO due to the base washing removal of the amorphous carbon.
4. CONCLUSION FLG powder has been oxidized using modified Hummer's method, the oxidized FLG (GO) has been washed by high base concentration (10 M NaOH) to enhance the removal efficiency for the carbonaceous fragments. The impact of high concentration base washing on the surface of GO has been studied using: XRD analysis to confirm the degree of crystalline and the interlayer spacing, XRD pattern shows new peaks appeared, lead to the interlayer spacing was increased after oxidation and base washing, attributed to the intro duced hydroxyl groups increase the repulsion between graphene sheets due to posting the same negative charge. Raman analysis shows that the amorphous carbon content was diminished after base washing. GO n is more thermal stable than GO, regarding to the base washing, remove the fragment and enhance the thermal stability. Furthermore, the base washing removed the acid waste by friendly environmental method, low cost, saving the time and the quantity of water needed to eliminate the remained acid. 
